Evaluation of treatment outcome is essential to allow for identification and implementation of the highest possible standards of care. However, the range of outcome of the treatment of cleft lip and palate can be considerable. Differences in treatment results may be related to variation in the sequence, timing, and technique of treatment, the organization and delivery of care, as well as in the skills and experience of individual surgeons. State-of-the-art reviews consistently indicate that few centers, if any, use the same approach in surgical technique, timing, or sequence, not to mention the variety of ancillary interventions, like infant orthopedics, orthodontics, speech therapy, and secondary operations. 1 Of the 201 centers that are registered in Eurocleft, 194 have different treatment protocols for unilateral clefts. 2 With such controversy and confusion, clinicians face the impossible task of selecting the optimal delivery of care that offers the best overall chance of success for their patients.
Facial growth is one of the key areas of interest for the quality of cleft treatment outcome. Good facial growth may result in dental arch relation- ships that can be treated conventionally, avoiding surgical correction of the skeletal bases, and, thus, provide optimal results in terms of facial appearance. 3 Several methods for rating dental arch relationships in patients with unilateral cleft lip and palate have been described. A method that became quite popular in past decades is the Great Ormond Street London and Oslo Yardstick (GOSLON). 4 The GOSLON Yardstick assesses dental arch relationship in terms of anteroposterior, transverse, and vertical discrepancies in persons with unilateral cleft lip and palate. The assessment includes the ranking of casts into one of five categories compared to a standard set of casts reflecting the different categories. A very good dental arch relationship is scored as one; a very poor relationship is scored as five. The GOS-LON Yardstick has been successfully used in studies assessing treatment outcome in children with unilateral cleft lip and palate and proved to be capable of discriminating the quality of the dental arch relationships among different centers. 4, 5 This makes the GOSLON Yardstick a useful tool for comparative cross-center studies.
Although the application of the GOSLON Yardstick also proved to be reliable for the deciduous dentition, 6 later on a new rating system was developed for the deciduous dentition. 7 This "GOSLON-type" index was specifically developed for children with unilateral cleft lip and palate at the age of 5, but is comparable to the GOSLON Yardstick; it includes a similar ranking system with five categories and a similar use of reference models. The 5-year-old index has shown to be a suitable tool for assessing treatment outcome in the primary dentition and proved to be useful in intercenter comparisons. 8 -10 A meta-analysis of the literature (i.e., a statistical analysis of summary results across a group of studies with common underlying characteristics) allows comparison of outcome of cleft surgery together with other major components of cleft care. In addition, multicenter comparison increases the number of patients examined, which facilitates more powerful statistics and enhances reliable conclusions. Therefore, the goal of this study was to assess determinants for treatment outcome in unilateral cleft lip and palate according to GOSLON and 5-yearindex ratings by means of a meta-analysis.
PATIENTS AND METHODS

Data Sources
In December of 2003, the Cochrane databases (the Database of Abstracts of Reviews of Effects and the Cochrane Central Register of Controlled Trials) and the Medline database were searched. In addition, an Internet search with multiple databases was performed, using the combined databases of Medline, Current Contents Archives, Biological Abstracts, and Cinahl. The Medline search, as well as the search with multiple databases, is described in Table I . Within the group of underlined hits, 48 articles were unique and subsequently manually evaluated for inclusion in the meta-analysis.The hits retrieved by queries 4, 6, and 7 from the Med- 11, 12 that presented GOS-LON data from our own department were added for data selection.
Data Selection
Criterion for including a article in the metaanalysis was the presence of one or more groups of unilateral cleft lip and palate patients, which were categorized using the GOS-LON Yardstick and/or the 5-year-old index. The distribution of the GOSLON and/or 5-year-old index scores should be present. Two researchers (Nollet and Kuijpers-Jagtman) independently carried out the screening of the 50 articles based on the abstracts of the retrieved publications. Screening of the abstracts yielded 19 articles that met the inclusion criterion. A few publications presented GOSLON data for patients who also were used in one of the other 19 publications. In such a case, the publication with the largest number of patients was selected. Therefore, the study of Nollet et al. 12 that included 49 patients was excluded in favor of the publication of Noverraz et al., 6 which included 68 patients. The article of Johnson et al. 13 reported GOSLON scores on 49 patients and was excluded in favor of the publication of Johnson et al., 14 which comprised 54 patients. One publication 10 reported GOSLON scores of patients previously reported in the Clinical Standards Advisory Group study 15 and was therefore excluded. One publication 7 was excluded because it presented only GOSLON score 4 and 5 whereas another publication 8 on the same patients presented the GOSLON distribution 1 through 5. Finally, a total of 15 articles could be included in the meta-analysis without additional exclusion criteria. All selected articles are listed in Table II . 3-6,8,9,12,14,16 -22 The reference lists of the included articles were hand searched and references to related articles were followed-up, which did not yield additional articles. This could have been expected since the GOSLON and 5-year-index classification methods date from 1987 and 1997 respectively, when registration of publications in databases was already in full operation.
Data Extraction
The article by Williams et al. 19 presented GOSLON data on two independent patient groups of which one patient group needed to be excluded since the GOSLON data for these patients were previously presented in a publication by Johnson et al. 14 The article of Pigott et al. 20 reported GOSLON scores on three independent patient groups of which one patient group needed to be excluded since the article of Hathorn et al. 3 formerly published the GOS-LON distribution for these patients. Finally, 27 independent patient groups were examined, which are all presented in Table II , together with the number of patients for each group.
For this study, the GOSLON Yardstick and the 5-year-old index were considered to be equivalent as an expression tool of treatment outcome in unilateral cleft lip and palate. For each patient group, the mean GOSLON score as well as the combined percentage of GOS-LON scores 1 and 2, GOSLON score 3, and the combined percentage of GOSLON scores 4 and 5 were extracted. Several publications reported on patient groups, which were submitted to GOSLON classification at different ages. Then, the GOSLON scores closest to 9 years of age for the GOSLON ranking and closest to 5 years of age for the 5-year-index were taken for further analysis.
The following background variables could be extracted from most of the patient groups and were considered as possible determinants for treatment outcome in unilateral cleft lip and palate: versus palatal closure at a later age (early/ delayed palatal closure) • Bone graft (for no patients/for some patients/for all patients)
• Number of surgeons operating on the considered cleft group (Յ 3 surgeons/Ͼ 3 surgeons)
Two independent researchers (Nollet and Katsaros) extracted all data for every patient group. Data were retrieved from tables, Figures , and text in the publications. In a few cases of disagreement, a third experienced researcher (Kuijpers-Jagtman) was asked for her opinion and consensus was reached.
Statistical Analysis
The influence of the eight background variables on the two outcome variables, the mean GOSLON scores, as well as the combined percentage of GOSLON scores 4 and 5, was studied and t tests were applied.
In publications where the mean GOSLON score was not presented, the mean was calculated from the frequency distribution of the scores 1 to 5. In five publications without a specified mean, the full distribution of the GOSLON scores was not given, but only the frequencies of the combinations 1ϩ2, 3, 4ϩ5. Here, the mean was calculated after splitting up the categories 1ϩ2 and 4ϩ5 proportionally to the distribution in the other studies.
Multiple regression (weighted according to sample sizes) was applied to find combined influences of the background variables on the GOSLON outcome. To prevent too much multiple testing, the outcome was restricted to two variables, i.e., mean GOSLON score and the combined percentage of GOSLON score 4 and 5. For the two patient groups (see Table II) where no sample size was specified, the regression weights were set to a modest large sample size of 30. Due to many missing values not reported in the original publications, a full multiple regression could not be carried out. The analysis had to be restricted to the influence of only two determinants at the same time.
RESULTS
The total number of patients included in the meta-analysis was 1236 (number of patients per group range, 18 to 229, Table II ). Table III presents the effects of the studied determinants for mean GOSLON score and combined percentage of GOSLON score 4 and 5. The studies with a delayed palatal closure (Ͼ 3 years) gave significantly better mean GOSLON scores and a lower percentage of cases in the combined GOSLON category 4 and 5 (p ϭ 0.003). Also, inclusion of patients with a Simonart's band in the unilateral cleft lip and palate group gave better GOSLON scores and a lower percentage of cases were considered in need of surgery (p ϭ 0.009). The timing of palatal closure and the presence of a Simonart's band were highly correlated in the considered publications (r ϭ 0.83). This led to collinearity and the influence of palatal closure and presence of a Simonart's band could not be separated by statistical analysis. As palatal closure is performed in every patient, while only a few patients will have a Simonart's band, the influence of the timing of palatal closure was considered to be a stronger determinant and was, therefore, used in a second step of multiple regression. Each background variable was entered together with the palatal surgery timing to find additional influences. None of the other background variables showed a significant relationship with the GOSLON score (all variables p Ͼ 0.15).
Thus, the only interpretable influence observed from this meta-analysis is given by the timing of palatal closure. The difference between early and late palatal closure for the mean GOSLON score is 0.64 and for the combined percentage of GOSLON score 4 and 5 is 26 percent. These effects are represented in Table IV . DISCUSSION Cleft lip and palate care involves several anatomical structures and can affect a variety of functions, including speech, hearing, and social interaction. 18 To evaluate the total outcome of cleft care, a wide range of outcomes needs to be measured, although it is sometimes difficult to judge the effect of one area of treatment without taking into account its influence on other aspects of growth and develop- ment. In this study, the evaluation of treatment outcome in unilateral cleft lip and palate was restricted to judging dental arch relationships because dental arch relationships are essential parameters for facial growth and, thus, are an important indicator for the quality of cleft treatment outcome. Good facial growth may result in dental arch relationships that can be treated orthodontically without a need for surgical correction of the skeletal bases. 3 In the considered publications, the GOS-LON yardstick was used to assess dental arch relationships. The way of presenting GOSLON scores in literature is rather inconsistent and complicates reliable comparisons of different patient groups. Some publications do not report the full GOSLON distribution but only mention GOSLON combinations 1ϩ2, 3, 4ϩ5, whereas for other patient groups only GOS-LON percentages for every GOSLON score are mentioned without the total number of patients examined. 4 To facilitate intercenter comparison and evaluation, a consistent way of presenting GOSLON scores is recommended. The full GOSLON distribution in percentages for all five categories should be presented, together with the mean GOSLON score with SD and the total number of patients examined. It is not advocated to present combined percentages of GOSLON scores since the GOSLON Yardstick was introduced as a categorization method into five categories and is sometimes considered rather coarse and incapable of distinguishing the finer differences in the severity of malocclusions. 4, 5 Combining percentages of GOSLON scores would even enhance the roughness of the GOSLON classification.
All the patient groups considered for selection in this meta-analysis were scrutinized for GOSLON scores of patients previously reported in other publications. In case publications including GOSLON scores of patients from another article, the patient group with the largest number of patients was selected for further analysis. The British Clinical Standards Advisory Group study 18 reported on 12-year-old patients from 50 centers throughout the United Kingdom who were born between April 1, 1982, and March 31, 1984 , and 5-year-old patients born between April 1, 1989, and March 31, 1991 . This could imply that there is an overlap for the Clinical Standards Advisory Group study with some of the other studied patient groups from the United Kingdom. However, since all other studied British patient groups in this meta-analysis have a range of birth years that is greater than 2 years and the data of the patients in the Clinical Standards Advisory Group study were collected from 50 centers throughout the United Kingdom, the overlap is too small to be considered relevant for this meta-analysis.
The results from this meta-analysis suggest that apart from the timing of palatal surgery, there were no background variables that had an effect on the dental arch relationships in unilateral cleft lip and palate. However, inadequate reporting for some of the considered determinants, (i.e. race of the patients, number of patients with a preexisting Simonart's band, number of patients who underwent bone grafting, and number of surgeons involved) hampered the statistical analysis of earlier data. Consequent and explicit reporting of the number of patients undergoing the intervention examined would facilitate reliable intercenter comparisons and remote cleft audit.
Patients with a Simonart's band were sometimes included and sometimes excluded in the studied publications. However, the preoperative cleft width is generally smaller for patients with a Simonart's band. This implicates that the positive effect of primary surgery and, thereby, the influence on treatment outcome could be overvalued for studies including patients with Simonart's band. Therefore, it is recommended for future cleft studies that Simonart's band patients be excluded or analyzed separately.
The main finding from this study is that delayed palatal closure generally has better treatment outcome regarding dental arch relationships than early palatal closure. For many years there has been much controversy about the timing of palatal closure. Some investigators advocated early hard palate closure, 23, 24 while others suggested that delayed hard palate closure would result in more favorable growth of the maxilla. [25] [26] [27] [28] The variety of timing of palatal closure was also shown in the Eurocleft Project, 1996 to 2000. The timing of independently performed soft palate closures varied from birth to 3 years of age, the timing of independently performed hard palate closure varied from birth to 13 years of age, and the timing of hard and soft palate closure when performed simultaneously varied from 3 months to 3 years of age. 29 A disadvantage of late closure of the hard palate could be a negative influence on speech. Although the resid-ual cleft on the hard palate diminishes dramatically during the first year after surgery, 30 a relatively high prevalence of retracted oral articulation has been found in children 3 to 7 years of age. 31 Other considered determinants for treatment outcome in cleft lip and palate in this study could not be established. The number of surgeons was not found to be a determinant for treatment outcome, although intercenter studies in the past have demonstrated that factors that influence treatment outcome include patient load as an indicator for experience of the operating surgeon and the organization of services. 1, 15 The purpose of a meta-analysis is to objectively retrieve information from publications that study the same topic and to combine these data to get an overall result. The considered publications in this meta-analysis are all observational studies with the exception of a randomized controlled clinical trial.
11 Randomized controlled clinical trials are generally accepted as the preferred research design mainly because conceptually it is easier to attribute any observed effect to the treatments being compared. However, a recent study 32 that compared individual randomized controlled clinical trials with observational studies in 19 therapeutic areas and another study 33 that compared meta-analyses of randomized controlled clinical trials with meta-analyses of cohort and case-control studies in five therapeutic areas found no major differences between the estimates of treatment effects in observational studies and randomized controlled clinical trials. Although the confounding factors that may distort the results in observational research are evident, observational studies have several advantages over randomized controlled clinical trials, including lower cost, longer time frame, and a broader range of patients. 34 In addition, observational studies can generate risk factors, prognostic indicators, and treatment outcomes that should be evaluated in a randomized controlled clinical trial; thereby, observational studies could help in conducting the set up of the randomized controlled clinical trial, e.g., with the determination of the type of intervention to be examined and the estimation for the SD in the calculation of the required sample size of treatment groups. Based on the results of the present meta-analysis, there is reason to opt for a randomized controlled clinical trial in early versus delayed palatal closure. At the moment, this question is incorporated in the Scandcleft project, 35 
